Mutations of FoxP3 result in the disturbance of FoxP3 expression and lack of functional CD4 ϩ CD25 high regulatory T cells in humans, causing immune dysregulation, polyendocrinopathy, enteropathy, X-linked (IPEX) syndrome. The only curative approach for IPEX syndrome, which is fatal within the first year of life in many cases, is allogeneic hematopoietic stem cell transplantation (HSCT). We monitored lineage-specific chimerism in a FoxP3-deficient patient after nonmyeloablative HSCT and graft rejection over 6 years. The patient lost donor chimerism in T cells, B cells, NK cells, monocytes, and granulocytes 1 year after transplantation, but remained clinically healthy without immunosuppression. To elucidate the immunologic basis of his continuing remission, we performed detailed lymphocyte subset analyses and detected FoxP3-expressing CD4 ϩ CD25 high T cells, comprising 1% to 2% of the CD4 ϩ T cells (ϳ 10/L), which were more than 90% donor-derived. The patient is disease-free and shows no signs of autoimmunity, suggesting that stable, selective engraftment of regulatory T cells is possible and associated with cure from IPEX syndrome.
sets ( Figure 1B ). In the CD4 ϩ CD25 high subset, comprising 1% to 2% of CD4 ϩ cells (ϳ 10 cells/L), donor chimerism was 53% to 91% (Ϯ 6%) at separate occasions within 6 months, whereas all other CD4 ϩ T-cell subsets were of recipient origin ( Figure 1C ). FoxP3 protein expression of fresh CD4 ϩ patient cells was restricted to the CD25 high (predominantly donor-derived) CD127 low compartment ( Figure S1 ), in line with the inability of recipient-type cells to express FoxP3 due to a translational start-site mutation. FoxP3mRNA was detectable in full blood and CD4 ϩ CD25 med and CD4 ϩ CD25 high cells (not shown; for methods, see Seidel et al 7 ) .
In this patient, FoxP3 expression and levels of CD4 ϩ CD25 high CD127 low FoxP3-expressing cells are detectable at a low-normal range after HSCT. That the patient has no signs of autoimmunity 6 years after HSCT suggests that the donorderived CD4 ϩ CD25 high CD127 low FoxP3-expressing T cells have regulatory function in vivo, although we cannot exclude that the highly immunosuppressive conditioning regimen for HSCT per se caused persistent remission. Despite lacking in vitro analyses for regulatory T (T reg ) function, which were not feasible because of the low cell frequency in this patient, we speculate that selective long-term engraftment of active donor T reg cells occurred and has been responsible for the continuing diseasefree state of the patient.
Although these descriptive observations might lack mechanistic insight, they suggest that (1) severe IPEX syndrome may be cured with nonmyeloablative HSCT; (2) long-term remission is achievable with a minimal donor cell population restricted to approximately 10/L CD4 ϩ CD25 ϩ CD127 low FoxP3 ϩ cells; and (3), because remission of immune dysregulation is observed after HSCT without FoxP3 reconstitution in other lymphocyte subsets, T regindependent FoxP3 function within T-effector cells might be less relevant than hypothesized in vivo. 4,8-10 . Lineage-and sublineage-specific chimerism after nonmyeloablative HSCT in IPEX syndrome. Flow cytometric cell sorting of leukocyte lineages and lineage-specific chimerism analyses were performed regularly after hematopoietic stem cell transplantation as described elsewhere. 6 Gating strategy: Syto41/CD45RO fluorescein isothiocyanate (FITC), CD3 peridinin chlorophyll protein (PerCP), CD4 allophycocyanin (APC), CD25 phycoerythrin (PE), analyzed and sorted on a FACSAria (Becton Dickinson, Sunnyvale, CA). Acquisition and data analysis was performed with FACSDiva (Becton Dickinson) software. Monoclonal antibodies (mAb) used were CD3 (UCHT1), CD4 (MT310), CD8 (DK25), CD14 (TÜ K4), CD15 (C3D1), CD19 (HD37), CD45 (T29/33; all from Dako, Glostrup, Denmark); CD3 (SK7), CD14 (MoP9), CD33 (P67.6), CD38 (HB-7), CD45 (2D1), CD56 (NCAM16.2; all from Becton Dickinson); and CD19 (J4.119) and CD45RA (2H4; both from Coulter, Krefeld, Germany). The purity of the sorted blood cell populations shown in panel A was Ն 98% as confirmed by rerunning the stained, sorted samples. (A) The proportion of donor cells (shown as percent donor chimerism, y-axis) is shown over time after transplantation (x-axis). ૽ indicates 2 of 3 occasions within the 6th year after HSCT that included more in-depth sublineage chimerism analyses as shown in panels B and C. indicates the occasion when the latest bone marrow aspiration was performed with practically identical chimerism results as shown for simultaneously analyzed peripheral blood except that CD34 ϩ cells, which were not detectable in the periphery, were of 8% to 14% donor origin (not shown). (B) This diagram shows more detailed sublineage chimerism analyses including the CD4 ϩ CD25 neg , CD4 ϩ CD25 med , and CD4 ϩ CD25 high T cells as indicated, performed at the latest 3 visits at 5, 5.5, and 6 years after transplantation (mean ϩ error bars ϭ range). (C) The plot is representative of 2 specimens from 2 independent outpatient visits at 5.5 and 6 years after HSCT, which were analyzed for lineage-specific and subpopulation-specific chimerism by fluorescence-activated cell sorting and short tandem repeatpolymerase chain reaction (STR-PCR). It shows the CD3/CD4-gated fractions of CD25 neg /CD25 med /CD25 high cells with their STR-PCR peaks (insert; r, recipient; d, donor; "control" showing both individual and the common STR-marker peaks). CD4 ϩ T cells comprised 58% of all T cells, CD4 ϩ CD25 high were approximately 1% of all CD3 ϩ CD4 ϩ cells (shown as "ϩϩ"), CD4 ϩ CD25 med were 16% of CD3 ϩ CD4 ϩ (marked "ϩ"). As indicated visually by the donor peak ("d") in the insert, CD4 ϩ CD25 high cells were 91% (Ϯ 6%) donor-derived, whereas CD25 med were 5% (Ϯ 6%), and CD4 ϩ CD25 neg 3% (Ϯ 6%) donor-derived and thus Ͼ 89% to 91% recipient ("r"). STR-PCR chimerism results of granulocytes, monocytes, NK and B cells were all Ͻ 6% donor-derived (ie, complete recipient chimerism; not shown). Alleles were quantified by capillary electrophoresis and fluorescence-based quantification using the ABI Prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA). To the editor:
Genetic variants in XRRC5 may predict development of venous thrombotic events in myeloma patients on thalidomide
We read with great interest the recent findings by Johnson et al indicating that genetic variants in DNA repair genes, in particular XRCC5, may play a crucial role in identifying myeloma patients on thalidomide treatment who are at high risk of acquiring treatmentrelated venous thrombotic events (VTEs). 1 The authors used a comprehensive selection strategy for identifying single nucleotide polymorphisms (SNPs) and have reported an association between the high risk of VTE and genetic variants located in XRCC5.
In a recent publication from our group, we performed extensive genotyping using a haplotype tagging strategy in 306 myeloma patients and 263 controls and identified a rare homozygous variant in the SNP rs1051685 in the XRCC5 gene. 2 This SNP is located in an exon splice enhancer sequence (ESE) in the 3ЈUTR and can possibly alter splicing by affecting spliceosome assembly. This SNP is in high linkage disequilibrium (LD) with the SNPs rs1051677 and rs6941 reported in the Johnson study (D' ϭ 1; Figure 1 ), thus we suggest that both of these studies are potentially identifying a locus for disease susceptibility. 1, 2 The other SNP rs2440 reported by Johnson et al was also associated with disease susceptibility in our study albeit with a Figure 1 . D' LD plot for the XRCC5 gene was calculated using CEU genotype data for the markers genotyped across this region. Prefixes to SNP IDs denote the studies that SNPs were genotyped in: HT_ for the Hayden/Tewari study and J_ for the Johnston et al study. LD (linkage disequilibrium) blocks were defined using the 4 gamete rule. D' ϭ 1 between the SNPs rs1051677, rs1051685, and rs6941.
